 35, 3.733 (511, 202, 002) 27, 3.595 (421) 33, 3.351 (112) 66, 3.224 (511, 131) 
, and Z = 4. Crystals are prismatic to bladed with elongation and striations parallel to c and typically occur in parallel and random aggregates. It is yellow and transparent, with pale yellow streak and adamantine luster. Mohs hardness is estimated at 2. The mineral is brittle, with an irregular to splintery fracture and good {100} cleavage. The calculated density is 6.828 g/cm 35, 3.733 (511, 202, 002) 27, 3.595 (421) 33, 3.351 (112) 66, 3.224 (511, 131) 100, 3.093 (222, 331) 30, 2.900 (621) 44, 2.133 (821, 622, 223, 731, 242) O 10 )(CO 3 )Cl 2 (H 2 O), is one of seven new secondary lead-tellurium minerals discovered recently at Otto Mountain near Baker, California. Detailed information on the mining history, geology, mineralogy, and mineral paragenesis of the deposit, as well as the discovery of the new minerals, is provided in Kampf et al. (2010a) .
Thorneite is named in honor of Brent Thorne (b. 1951 ) of Bountiful, Utah, the discoverer of the mineral. Brent Thorne is an avid field collector and regular contributor to Mindat.org with over 1100 photographs posted on the Mindat website. He has collected and provided specimens for the description of the new mineral plumbophyllite Kampf et al. 2010d ). Other potentially new species are still under investigation.
Thorneite and most of the other secondary minerals of the quartz veins are interpreted as having formed from the partial oxidation of primary sulfides (e.g., galena) and tellurides (e.g., hessite) during or following brecciation of the quartz veins.
physIcAl And optIcAl pRopeRtIes
The mineral occurs as prismatic to bladed crystals ( Fig. 1 ) with elongation and striations parallel to c. They typically occur in parallel and random intergrowths and are up to 0.5 mm in length. Crystals exhibit the forms {100}, {010}, {110}, and {211} (Fig. 2) . Crystal intergrowths are common, but no systematic crystallographic orientation was observed.
Thorneite is yellow and transparent, with pale yellow streak and adamantine luster. The mineral is non-fluorescent. The Mohs hardness is estimated at 2 based upon behavior of crystals when broken. The tenacity is brittle and the fracture is irregular to splintery. Crystals are very fragile and easily crushed. Cleavage is good on {100}. The density could not be measured because it is greater than those of available high-density liquids and there is insufficient material for physical measurement. The calculated density is 6.790 g/cm 3 for the empirical formula and 6.829 g/cm 3 for formula based on refined occupancies in structure (see below). Thorneite turns opaque and dissolves slowly in HCl.
The indices of refraction exceed those of available index fluids. The Gladstone-Dale relationship (Mandarino 1981) predicts n av = 2.021 based on the empirical formula. Birefringence is very low (~0.01), suggesting that all indices of refraction are in the 2.01 to 2.03 range. Orthoscopic and conoscopic optical examination using a Leitz Ortholux I polarizing microscope equipped with a Supper spindle stage showed thorneite to be biaxial (+), with large 2V. No dispersion was observed. The optical orientation is Y = b, Z ^ a = 29° in obtuse β. The mineral is non-pleochroic.
RAmAn spectRoscopy
Raman spectroscopic micro-analysis was carried out using a Renishaw M1000 micro-Raman spectrometer system. Spectra were obtained using a 514.5 nm laser with a 100× objective producing a spot about 2 µm in diameter with about 5 mW power. Peak positions were calibrated against a silicon standard. Spectra were obtained with a dual-wedge polarization scrambler inserted directly above the objective lens to minimize the effects of polarization. Raman measurements were made on an isolated 150 µm × 50 µm thorneite crystal on quartz matrix. Spectra obtained with the light propagating parallel and perpendicular to the c axis of the crystal were found to be very similar. The spectra with the light propagating parallel to the c axis are shown in Figure 3a (100 to 1600 cm -1 range) and Figure 3b (0 to 4000 cm -1 range with the vertical scale expanded).
The sharp peak at 1056 cm -1 is in the shift range where the strongest carbonate peak typically occurs. The broad peak at about 3300 cm -1 is attributable to OH stretching modes and the peak at about 1630 cm -1 is attributable to the HOH bending mode of water. The Raman spectroscopy, therefore, corroborates the presence of carbonate and water indicated by the structure determination (see below). 
X-RAy cRystAllogRAphy And stRuctuRe deteRmInAtIon
Both powder and single-crystal X-ray diffraction data were obtained on a Rigaku R-Axis Spider curved imaging plate microdiffractometer utilizing monochromatized MoKα radiation. The powder data presented in Table 1 show good agreement with the pattern calculated from the structure determination. (Kraus and Nolze 1996) . d calc based on the cell refined from the powder data (*) using UnitCell (Holland and Redfern 1997) The Rigaku CrystalClear software package was used for processing the structure data, including the application of an empirical absorption correction. The structure was solved by direct methods using SIR92 (Altomare et al. 1994 ) and the location of all non-hydrogen atoms was straightforward. The SHELXL-97 software (Sheldrick 2008 ) was used, with neutral atom scattering factors, for the refinement of the structure. Bond-valence calculations indicate that one O atom (designated OW) is a water molecule. A difference Fourier map revealed the H atom site corresponding to both H atoms of the water molecule. The position of the H site was constrained to an OW-H distance of 0.90(3) Å and an H-H distance of 1.45(3) Å in the final refinement. The structure refinement indicated the Cl site to be jointly occupied by Cl and OH [Cl 0.75 (OH) 0.25 ]. It was not possible to locate the 0.25 H atom associated with this site.
The details of the data collection and the final structure refinement are provided in Table 2 . The final atomic coordinates and displacement parameters are in Table 3 . Selected interatomic Hydrogen bonds (D = donor, A = acceptor) Table 4 and bond valences in Table 5 . CIF and structure factors are on deposit 1 .
descRIptIon of the stRuctuRe
The most distinctive unit in the structure (Fig. 4) (Grice et al. 1996) ; leisingite, 1.922 Å (Margison et al. 1997) ; khinite, 1.962 Å (Cooper et al. 2008) ; ottoite, 1.942 Å (Kampf et al. 2010a,) ; housleyite, 1.931 and 1.942 Å (Kampf et al. 2010b) ; markcooperite, 1.95 Å (Kampf et al. 2010c) ; timroseite, 1.933 Å (Kampf et al. 2010d) ; and paratimroseite, 1.926 Å (Kampf et al. 2010d (Lindqvist 1969) , and Na 4 TeO 5 (Untenecker and Hoppe 1987) . Similar octahedral distortions related to Te 6+ repulsions occur in all of these structures.
The Pb atoms have lopsided nine-and tenfold coordinations (Fig. 5) Kharisun et al. 1997; Mills et al. 2009 ). In fact, the Pb atoms in the structures of all seven recently discovered new minerals from Otto Mountain exhibit this effect.
The two equivalent H atoms of the OW group form bifurcated H bonds to two equivalent Cl sites (shown in Fig. 4) . The H bonds are relatively long (2.68 and 2.71 Å), leaving OW relatively 
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